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(54) Dielectric leaky-wave antenna 

(57) A dielectric slab (23) is arranged on one surface 
of a ground plane (21 ) to form a transmission guide for 
transmitting an electromagnetic wave along the surface 
from one end to the other end between the dielectric slab 
(23) and the ground plane (21). A perturbation (24) is 
loaded on the dielectric slab (23) to leak the electromag- 



netic wave from the surface of the dielectric slab (23). 
A feed (30) supplies an electromagnetic wave to one 
end of the transmission guide formed by the ground 
plane (21 ) and dielectric slab (23). A dielectric layer (22) 
is interposed between the ground plane (21 ) and the di- 
electric slab (23), and has a lower permittivity than that 
of the dielectric slab (23). 
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Description 

[0001] The present invention relates to a dielectric 
leaky-wave antenna and, more particularly, to a dielec- 
tric leaky-wave antenna for leaking electromagnetic 5 
waves from an electromagnetic wave transmission 
guide formed by a ground plane and dielectric, in which 
the structure is simplified and a technique of increasing 
the efficiency is adopted. 

[0002] In recent years, demands have arisen for an 
antenna which can be used in the milliwave band for a 
radio LAN, a radar mounted on an automobile, or the 
like. 

[0003] As the milliwave-band antenna, various anten- 
nas are proposed, including an antenna which leaks 
electromagnetic waves from a slot formed in a 
waveguide, and a so-called triplate antenna in which a 
coupling slot is formed in a slab and power is fed via a 
triplate line. 

[0004] Of these antennas, the antenna using a 
waveguide is difficult to manufacture because of a three- 
dimensional structure partitioned by a metallic wall. 
[0005] The triplate antenna has a large line loss 
though the line loss is smaller than that of a microstrip 
line. Further, unwanted waves generated by reflection 
of an element are transmitted through the triplate line, 
so the antenna efficiency is low. 
[0006] To solve these problems, a parallel-plate slot 
array antenna is proposed in which atransmission guide 
equivalent to a waveguide is formed by upper and lower 
metallic surfaces of a printed board and through holes 
extending through the metallic surfaces (TECHNICAL 
REPORT OF IEICE.A-PP. 99 - 114, RCS99-111 
(1999-10)). 

[0007] However, the parallel-plate antenna in which a 
transmission guide equivalent to a waveguide is formed 
using through holes in a printed board is more compli- 
cated in structure than a dielectric leaky-wave antenna, 
and requires a high manufacturing cost for forming 
through holes. 

[0008] Further, this antenna uses a uniform electro- 
magnetic field, i.e., TEM mode in a section perpendicu- 
lar to the propagation direction. Thus, strong currents 
equal in magnitude flow through upper and lower me- 
tallic plates to generate a conductor loss, which increas- 
es the loss. 

[0009] A dielectric plate is actually inserted between 
parallel plates in order to shorten the waveguide wave- 
length and suppress the grating lobe, too. This also gen- 
erates a dielectric loss to limit a decrease in loss. 
[0010] As another type of antenna, a leaky-wave an- 
tenna is proposed in which a narrow radiation dielectric 
bar is arranged as a transmission line on a two-layered 
dielectric slab, the height of part of the dielectric bar is 
changed, and metallic strips are periodically laid out at 
a small-height portion (US Pat. No. 4,835,543, "Dielec- 
tric slab antennas"). This antenna is a one-dimensional 
array antenna. To obtain a two-dimensional plane an- 



tenna important in practical use, a plurality of radiation 
dielectric bars must be aligned, which results in low 
mass productivity. In addition, a feed system for feeding 
power to these dielectric bars in phase is complicated. 
[0011] Furthermore, an invention has been applied in 
which a dielectric slab having projections on a plate in 
the vertical direction is prepared, and the surface of the 
slab is metallized to form a continuous transverse stub, 
and the stub is used for an antenna (US Pat. No. 
5,266,961 , "Continuous transverse stub element devic- 
es and methods of making same"). This antenna is a 
slot array antenna uniform in the transverse direction us- 
ing a parallel-plate waveguide to which a dielectric is 
inserted. In general, a dielectric material such as alumi- 
na having a high frequency such as a milliwave and a 
low loss is difficult to process. The manufacture of a 
complicated dielectric slab having many projections is 
disadvantageous in cost. 

[0012] For this reason, implementation of an antenna 
having a high antenna efficiency and simple structure is 
demanded. 

[0013] It is an object of the present invention to pro- 
vide a dielectric leaky-wave antenna for leaking electro- 
magnetic waves from an electromagnetic wave trans- 
mission guide formed by a ground plane and dielectric, 
in which the structure is simplified and a technique of 
increasing the antenna efficiency is adopted to meet this 
demand. 

[0014] To achieve the above object, according to the 
present invention, (1) there is provided a dielectric 
leaky-wave antenna comprising: 

a ground plane; 

a dielectric slab arranged on one surface of the 
ground plane to form a transmission guide for trans- 
mitting an electromagnetic wave along a surface 
from one end to the other end between the dielectric 
slab and the ground plane; 
a perturbation loaded on the dielectric slab to leak 
the electromagnetic wave from the surface of the 
dielectric slab; 

a feed for supplying the electromagnetic wave to 
one end of the transmission guide formed by the 
ground plane and the dielectric slab; and 
a dielectric layer which is interposed between the 
ground plane and the dielectric slab and has a lower 
permittivity than a permittivity of the dielectric slab. 

[0015] According to the present invention, (2) there is 
provided a dielectric leaky-wave antenna defined in (1), 
characterized in that the dielectric layer includes a gas 
layer including air or a vacuum layer. 
[0016] According to the present invention, (3) there is 
provided a dielectric leaky-wave antenna defined in (1), 
characterized in that the perturbation is formed from a 
metallic strip or slot perpendicular to an electromagnetic 
wave transmission direction of the transmission guide. 
[0017] According to the present invention, (4) there is 
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provided a dielectric leaky-wave antenna defined in (1 ), 
characterized in that the perturbation is formed from a 
metallic strip or slot having an angle of 45° with respect 
to an electromagnetic wave transmission direction of the 
transmission guide. 

[0018] According to the present invention, (5) there is 
provided a dielectric leaky-wave antenna defined in (1), 
characterized in that the perturbation is formed from a 
pair of metallic strips or pair of slots which form an angle 
of 90° with each other, and is loaded on the dielectric 
slab so as to form an angle of 45° with respect to an 
electromagnetic wave transmission direction of the 
transmission guide by each metallic strip of the pair of 
metallic strips or each slot of the pair of slots. 
[0019] According to the present invention, (6) there is 
provided a dielectric leaky-wave antenna defined in (1 ), 
characterized in that a pair of perturbations parallel-ar- 
ranged at an interval almost 1/4 a wavelength of the 
electromagnetic wave in the transmission guide in the 
electromagnetic wave transmission direction of the 
transmission guide are loaded at a predetermined inter- 
val in the electromagnetic wave transmission direction 
of the transmission guide. 

[0020] According to the present invention, (7) there is 
provided a dielectric leaky-wave antenna defined in (6), 
characterized in that one of the pair of perturbations is 
formed on one surface of the dielectric slab, and the oth- 
er is formed on an opposite surface of the dielectric slab. 
[0021] According to the present invention, (8) there is 
provided a dielectric leaky-wave antenna defined in (6), 
characterized in that the pair of perturbations are formed 
on an upper surface of the dielectric slab. 
[0022] According to the present invention, (9) there is 
provided a dielectric leaky-wave antenna defined in (1 ), 
characterized in that 

the feed is formed to radiate a cylindrical wave, and 
a wave-front conversion section for converting the 
cylindrical wave radiated by the feed into a plane 
wave and guiding the plane wave to the transmis- 
sion guide is arranged at one end of the dielectric 
slab. 

[0023] According to the present invention, (1 0) there 
is provided a dielectric leaky-wave antenna defined in 
(1 ), characterized in that the wave-front conversion sec- 
tion is formed by extending the dielectric slab toward the 
feed. 

[0024] According to the present invention, (11) there 
is provided a dielectric leaky-wave antenna defined in 
(1 0), characterized in that a matching section for match- 
ing the feed and the wave-front conversion section and 
guiding the electromagnetic wave supplied by the feed 
to the wave-front conversion section is arranged at a dis- 
tal end of the wave-front conversion section. 
[0025] According to the present invention, (12) there 
is provided a dielectric leaky-wave antenna defined in 
(10), characterized in that 



the feed is formed to transmit an electromagnetic 
wave input from one end to one end of the dielectric 
slab along the ground plane and to radiate the elec- 
tromagnetic wave from an aperture at the other end 
5 that is formed to surround an edge of the one end 
of the dielectric slab, and 

a matching section projecting toward the ground 
plane so as to decrease a gap between the feed 
and a surface of the wave-front conversion section 
10 stepwise or continuously toward the wave-front 
conversion section in order to match the feed and 
the wave-front conversion section is arranged in the 
aperture at the other end of the feed. 

15 [0026] According to the present invention, (13) there 
is provided a dielectric leaky-wave antenna defined in 
(9), characterized in that 

the wave-front conversion section has a reflecting 
20 wall for converting a cylindrical wave into a plane 
wave and reflecting the plane wave, and is arranged 
to make one half of the reflecting wall face one end 
of the dielectric slab, and 

the feed is arranged on a side opposite to the die- 
25 lectric slab via the ground plane while a radiation 
surface faces the other half of the reflecting wall of 
the wave-front conversion section so as to radiate 
an electromagnetic wave toward the other half. 

30 [0027] According to the present invention, (14) there 
is provided a dielectric leaky-wave antenna defined in 

(1 3) , characterized in that a matching section for match- 
ing the wave-front conversion section and the transmis- 
sion guide of the dielectric slab is arranged at one end 

35 of the dielectric slab. 

[0028] According to the present invention, (15) there 
is provided a dielectric leaky-wave antenna defined in 
(11), characterized in that the matching section is ta- 
pered to decrease a thickness toward an electromag- 

40 netic wave input side. 

[0029] According to the present invention, (16) there 
is provided a dielectric leaky-wave antenna defined in 

(14) , characterized in that the matching section is ta- 
pered to decrease a thickness toward an electromag- 

45 netic wave input side. 

[0030] According to the present invention, (1 7) there 
is provided a dielectric leaky-wave antenna defined in 
(11), characterized in that the matching section is 
formed from a dielectric having a permittivity different 

50 from a permittivity of the dielectric slab. 

[0031] According to the present invention, (18) there 
is provided a dielectric leaky-wave antenna defined in 
(14), characterized in that the matching section is 
formed from a dielectric having a permittivity different 

55 from a permittivity of the dielectric slab. 

[0032] According to the present invention, (19) there 
is provided a dielectric leaky-wave antenna defined in 
(13), characterized in that 
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the wave-front conversion section is formed to 
transmit an electromagnetic wave reflected by the 
reflecting wall to one end of the dielectric slab along 
the ground plane and to radiate the electromagnetic 
wave from an aperture at the other end that is 
formed to surround an edge of the one end of the 
dielectric slab, and 

a matching section projecting toward the ground 
plane so as to decrease a gap between the feed 
and a surface of the dielectric slab stepwise or con- 
tinuously toward the dielectric slab in order to match 
the wave-front conversion section and the transmis- 
sion guide of the dielectric slab is arranged in the 
aperture at the other end of the wave-front conver- 
sion section. 

[0033] According to the present invention, (20) there 
is provided a dielectric leaky-wave antenna defined in 
(9), characterized in that 

the feed has a plurality of radiators having different 
radiation center positions, and 
the wave-front conversion section converts a cylin- 
drical wave radiated by each radiator into a plane 
wave whose wave front is inclined at an angle cor- 
responding to the radiation center position of the 
each radiator, and supplies the plane wave to the 
transmission guide. 

[0034] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0035] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a front view for explaining the arrangement 
of a dielectric leaky-wave antenna according to an 
embodiment of the present invention; 
FIG. 2 is a sectional view taken along the line 2 - 2 
in FIG. 1; 

FIGS. 3A and 3B are front views for explaining the 
operation of the main part of the dielectric leaky- 
wave antenna according to the embodiment of the 
present invention; 

FIG. 4 is a graph for explaining the characteristics 

of the dielectric leaky-wave antenna according to 

the embodiment of the present invention; 

FIG. 5 is a sectional view when the dielectric layer 

of the dielectric leaky-wave antenna according to 

the embodiment of the present invention is an air 

layer; 

FIG. 6 is a plan view showing a modification of the 
perturbation of the dielectric leaky-wave antenna 
according to the embodiment of the present inven- 
tion; 

FIG. 7 is a plan view showing another modification 



of the perturbation of the dielectric leaky-wave an- 
tenna according to the embodiment of the present 
invention; 

FIGS. 8A and 8B are views for explaining the oper- 

5 ation of the perturbation in FIG. 7; 

FIG. 9 is a plan view showing still another modifica- 
tion of the perturbation of the dielectric leaky-wave 
antenna according to the embodiment of the 
present invention; 

10 FIG. 1 0 is a plan view showing still another modifi- 
cation of the perturbation of the dielectric leaky- 
wave antenna according to the embodiment of the 
present invention; 

FIG. 11 is a plan view showing still another modifi- 
es cation of the perturbation of the dielectric leaky- 
wave antenna according to the embodiment of the 
present invention; 

FIG. 12 is a plan view showing still another modifi- 
cation of the perturbation of the dielectric leaky- 
20 wave antenna according to the embodiment of the 
present invention; 

FIG. 13 is a front view for explaining an arrange- 
ment when a reflector type wave-front conversion 
section is used in a dielectric leaky-wave antenna 
25 according to another embodiment of the present in- 
vention; 

FIG. 14 is a rear view for explaining the arrange- 
ment when the reflector type wave-front conversion 
section is used in the dielectric leaky-wave antenna 
30 according to the embodiment shown in FIG. 13; 

FIG. 15 is a sectional view taken along the line 15 
-15 in FIG. 13; 

FIG. 16 is a sectional view showing a modification 
of the matching section of the dielectric leaky-wave 
35 antenna according to the embodiment shown in 
FIG. 13; 

FIGS. 17A and 17B are a plan view and sectional 
view, respectively, showing another modification of 
the matching section of the dielectric leaky-wave 
40 antenna according to the embodiment shown in 
FIG. 13; 

FIG. 18 is a sectional view showing still another 
modification of the matching section of the dielectric 
leaky-wave antenna according to the embodiment 

45 shown in FIG. 13; 

FIG. 19 is a sectional view showing still another 
modification of the matching section of the dielectric 
leaky-wave antenna according to the embodiment 
shown in FIG. 13; 

50 FIG. 20 is a sectional view showing still another 
modification of the matching section of the dielectric 
leaky-wave antenna according to the embodiment 
shown in FIG. 13; 

FIG. 21 is a plan view showing a modification of the 
55 feed and wave-front conversion section of the die- 
lectric leaky-wave antenna according to the embod- 
iment shown in FIG. 13; 

FIG. 22 is a plan view for explaining the operations 
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of the feed and wave-front conversion section in 
FIG. 21; 

FIG. 23 is a view showing a modification of the feed 
and wave-front conversion section of the dielectric 
leaky-wave antenna according to still another em- 
bodiment of the present invention; 
FIG. 24 is a block diagram showing an example of 
a feed circuit applied to the present invention; and 
FIG. 25 is a block diagram showing another exam- 
ple of the feed circuit applied to the present inven- 
tion. 

[0036] Reference will now be made in detail to the 
presently preferred embodiments of the invention as il- 
lustrated in the accompanying drawings, in which like 
reference numerals designate like or corresponding 
parts. 

[0037] Preferred embodiments of the present inven- 
tion will be described below with reference to several 
views of the accompanying drawing. 
[0038] FIGS. 1 and 2 show the structure of a dielectric 
leaky-wave antenna 20 according to an embodiment of 
the present invention. 

[0039] The dielectric leaky-wave antenna 20 has a 
ground plane 21 formed from a flat metallic plate. 
[0040] A first dielectric slab 22 constituting the dielec- 
tric layer of this embodiment is fixed to an upper surface 
21a of the ground plane 21 such that the lower surface 
of the first dielectric slab 22 tightly contacts the upper 
surface 21 a. 

[0041] The first dielectric slab 22 is formed from a di- 
electric having a low permittivity, e.g., a slab which is 
made of PTFE (fluoroplastic) having a relative permit- 
tivity Er = 2.1 and is about 0.2 mm in thickness. The first 
dielectric slab 22 has an almost rectangular outer shape 
with one convex end. 

[0042] A second dielectric slab 23 which forms a 
transmission guide for transmitting electromagnetic 
waves between the second dielectric slab 23 and the 
ground plane 21 is fixed to the upper surface of the first 
dielectric slab 22 such that the lower surface of the sec- 
ond dielectric slab 23 tightly contacts the upper surface 
of the first dielectric slab 22. 

[0043] The second dielectric slab 23 is formed from a 
dielectric having a high permittivity in order to transmit 
an electromagnetic wave, e.g., a slab which is made of 
alumina having a relative permittivity Er = 9.7 and is 
about 0.8 mm in thickness. The second dielectric slab 
23 has the same outer shape as that of the first dielectric 
slab 22, and overlaps the first dielectric slab 22 so as to 
match their outer shapes. 

[0044] The permittivity of the second dielectric slab 23 
is much higher than that of air on the upper surface and 
that of the first dielectric slab 22 on the lower surface. 
[0045] Electromagnetic waves fed from one end of the 
second dielectric slab 23 travel toward the other end 
concentratedly through the second dielectric slab 23 
having a high permittivity. 



[0046] The electromagnetic waves uniformly propa- 
gate in the direction of width of the second dielectric slab 
23. 

[0047] For this reason, the rectangular portion of the 
5 second dielectric slab 23 except for the curved portion 
extending to one end forms one wide transmission guide 
in which small-width transmission guides equal in length 
for transmitting electromagnetic waves from one end to 
the other end are successively aligned in the direction 
to of width. 

[0048] A plurality of (6 in FIGS. 1 and 2) metallic strips 
24 having a predetermined width S are parallel-ar- 
ranged as perturbations of the embodiment on the upper 
surface of the rectangular portion (transmission guide) 
15 of the second dielectric slab 23 at a predetermined in- 
terval d with a length equal to the width of the second 
dielectric slab 23. 

[0049] These metallic strips 24 are formed by pattern- 
ing. In practice, the thickness of the metallic strip 24 is 

20 on the ujn order and small to a negligible degree in com- 
parison with that of the second dielectric slab 23. 
[0050] The metallic strips 24 are, however, illustrated 
to be thick in FIGS, 1 and 2 for easy understanding. 
[0051] If the metallic strips 24 are parallel-arranged 

25 on the dielectric slab at a predetermined interval in this 
way, space harmonics are generated in electromagnetic 
waves traveling through the slab, and a given one of the 
electromagnetic waves leaks from the slab surface. 
[0052] The radiation direction (angle with reference to 

30 an axis perpendicular to the slab) of the leaky wave is 
generally given by 

^ n = sin" 1 {(P/k 0 ) + n(Vd)} 

35 

where k 0 is the guide wavelength, p is the propa- 
gation constant of a dielectric line, l^ is a propagation 
constant in a free space, and n is an integer. In general, 
the interval d is selected to set only a leaky wave having 
40 n = -1 as a radiation wave. 

[0053] The radiation amount is determined by the 
width S of the metallic strip. 

[0054] If, therefore, electromagnetic waves are sup- 
plied from one end in the direction of length of the slab 

45 (direction perpendicular to the metallic strip 24) to the 
second dielectric slab 23, a leaky wave having an inten- 
sity determined by the width S of the metallic strip is ra- 
diated in a direction determined by the interval d of the 
metallic strip 24. 

so [0055] In a leaky-wave antenna of this type in which 
a dielectric slab tightly contacts a ground plane for leak- 
ing an electromagnetic wave, the conductor loss by an 
RF current flowing through the ground plane increases 
to decrease the antenna efficiency. 

55 [0056] However, in the dielectric leaky-wave antenna 
20, a dielectric layer (in this case, the first dielectric slab 
22) having a low permittivity is interposed between the 
ground plane 21 and the second dielectric slab 23, as 
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described above. The RF current flowing through the 
ground plane 21 can decrease to greatly suppress a de- 
crease In antenna efficiency caused by the conductor 
loss. 

[0057] The results of an actual sample exhibit a high 5 
efficiency of 58% (the results of the latest sample exhibit 
more than 65%). 

[0058] Metallic strips 25 which form pairs of perturba- 
tions with the upper-surface-side metallic strips 24 and 
have the same length and width S as those of the me- 
tallic strips 24 are parallel-arranged on the lower surface 
of the second dielectric slab 23 at the same interval d 
as that of the metallic strips 24. 
[0059] Each metallic strip 25 is shifted from the upper- 
surface-side metallic strip 24 by a distance 8 = X g/4 (X 
g is a guide wavelength) in the electromagnetic wave 
propagation direction. 

[0060] By arranging pairs of perturbations having the 
same shape at an interval of Xg/4 in the electromagnetic 
wave propagation direction, reflection of electromagnet- 
ic waves traveling through the second dielectric slab 23 
can be suppressed. 

[0061] More specifically, when no metallic strips 25 
are arranged, electromagnetic waves traveling through 
the second dielectric slab 23 are reflected at the metallic 
strip 24, as shown in FIG. 3 A. A reflected wave T greatly 
varies the electric field in the dielectric line, as repre- 
sented by curve B in FIG. 4. 

[0062] To the contrary, if the metallic strips 25 are ar- 
ranged on the lower surface with a shift of 5 = X g/4, the 
difference in propagation length between a wave Ta re- 
flected by the upper-surface-side metallic strip 24 and 
a wave rb reflected by the lower-surface-side metallic 
strip 25 becomes X g/2, as shown in FIG. 3B. The re- 
flected waves Ta and rb attain opposite phases to can- 
cel each other. 

[0063] As a result, an electric field distribution which 
hardly varies, as represented by curve A in FIG. 4, can 
be obtained. 

[0064] FIG. 4 is a graph showing the change charac- 
teristic of the electric field in the dielectric line as a func- 
tion of the distance in the propagation direction when an 
air layer 0.1 mm in thickness is used as a dielectric layer 
instead of the first dielectric slab 22. 
[0065] In general, if metallic strips are formed by pat- 
terning only on one surface of a thin dielectric slab, the 
slab warps and may break or crack in the assembly ow- 
ing to thewarpage. 

[0066] However, forming the metallic strips 24 and 25 
on the two surfaces of the second dielectric slab 23 
greatly reduces the warpage of the slab itself, which can 
significantly reduce generation of breaks and cracks. 
[0067] A portion of the second dielectric slab 23 which 
extends to curve at one end is a wave-front conversion 
section 26 for converting cylindrical waves radiated by 
a feed 30 (to be described later) into plane waves, and 
inputting the plane waves to one end of the transmission 
guide (rectangular portion) of the second dielectric slab 



23 in phase. 

[0068] In this embodiment, the wave-front conversion 
section 26 is formed by extending the second dielectric 
slab 23 to one end so as to form a dielectric lens, and 
converts cylindrical waves having a radiation center at 
the focal position into plane waves parallel in the direc- 
tion of width of the second dielectric slab 23. 
[0069] A matching section 27 for attaining matching 
between the wave-front conversion section 26 and the 
feed 30 (to be described later) is formed at the edge of 
the distal end of the wave-front conversion section 26. 
[0070] The matching section 27 is tapered to de- 
crease the height toward the feed 30. With a simple 
structure, the matching section 27 can efficiently guide 
electromagnetic waves from the feed 30 to the wave- 
front conversion section 26. 

[0071] The feed 30 is an electromagnetic horn type 
feed made up of a waveguide 30a and horn 30b, and 
radiates electromagnetic waves input from the 
waveguide 30a to the wave-front conversion section 26. 
[0072] The feed 30 employs an H-plane sectoral horn 
or E-plane sectoral horn in which the radiation aperture 
plane suffices to have a small height. 
[0073] An H-plane sectoral horn type feed radiates 
TM-waves having no magnetic field H component in the 
radiation direction. 

[0074] An E-plane sectoral horn type feed radiates 
TE-waves having no electric field E component in the 
radiation direction. 

[0075] In the H- or E-plane sectoral horn, the wave 
front (equiphase front) of radiated electromagnetic 
waves is a cylindrical front as far as the horn 30b is not 
so long. 

[0076] As described above, cylindrical waves radiat- 
ed by the feed 30 are converted into plane waves by the 
wave-front conversion section 26, and the plane waves 
are incident in phase on one end of the transmission 
guide formed by the second dielectric slab 23. 
[0077] Resultantly, leaky waves in phase in the direc- 
tion of width are radiated from the surface of the second 
dielectric slab 23. 

[0078] More specifically, when the dielectric leaky- 
wave antenna is used upright so as to set the feed 30 
to the top or bottom side, electromagnetic waves of ver- 
tical polarization having components in a plane (vertical 
plane) defined by an electromagnetic wave propagation 
direction in the second dielectric slab 23 and a direction 
perpendicular to the slab are radiated. 
[0079] In the dielectric leaky-wave antenna 20 of this 
embodiment, the dielectric layer (first dielectric slab 22) 
having a permittivity lower than that of the second die- 
lectric slab 23 is interposed between the ground plane 
21 and the second dielectric slab 23 which forms a trans- 
mission guide for transmitting electromagnetic waves 
between the second dielectric slab 23 and the ground 
plane 21. The conductor loss by a current flowing 
through the ground plane 21 can be decreased to sig- 
nificantly increase the radiation efficiency. 
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[0080] In addition, the metallic strips 25 are arranged 
on the lower surface of the second dielectric slab 23 with 
a shift of 5 = X g/4 in the electromagnetic wave propa- 
gation direction with respect to the metallic strips 24 ar- 
ranged as perturbations on the upper surface of the sec- 
ond dielectric slab 23 so as to pair the metallic strips 24 
and 25. This arrangement can cancel reflected compo- 
nents of electromagnetic waves traveling through the 
second dielectric slab 23. 

[0081] Accordingly, the dielectric leaky-wave antenna 
20 of this embodiment can obtain design radiation char- 
acteristics, and can easily realize a complicated radia- 
tion pattern. 

[0082] In the dielectric leaky-wave antenna 20 de- 
scribed above, the first dielectric slab 22 serving as a 
dielectric layer is fixed to the lower surface of the second 
dielectric slab 23 so as to tightly contact each other. 
[0083] Strictly speaking, the metallic strips 25 project 
from the lower surface of the second dielectric slab 23. 
[0084] Hence, although the metallic strips 25 are very 
thin, the first dielectric slab 22 and second dielectric slab 
23 do not completely tightly contact each other, and a 
small air layer is formed at a position where no metallic 
strips 25 are arranged. 

[0085] Assuming that no metallic strips 25 are ar- 
ranged on the lower surface of the second dielectric slab 
23, an air layer may be formed between the first dielec- 
tric slab 22 and the second dielectric slab 23 due to slight 
warpage of the slabs or the like. 
[0086] When the influence of the thin air layer on ra- 
diation characteristics cannot be ignored, an air layer 
(or a vacuum layer, or a gas layer other than an air layer) 
is used as a dielectric layer in place of the first dielectric 
slab 22. 

[0087] For a gas layer other than an air layer, the per- 
mittivity must be lower than that of the second dielectric 
slab 23. 

[0088] For example, when the dielectric layer is 
formed by an air layer, the second dielectric slab 23 is 
supported on the ground plane 21 via spacers 31 to form 
an air layer 32 between the ground plane 21 and the 
second dielectric slab 23, as shown in FIG. 5. 
[0089] The spacers 31 in use are small and low in per- 
mittivity so as not to influence radiation of leaky waves. 
[0090] When the dielectric layer is formed by a gas 
layer other than an air layer, the gas is sealed between 
the ground plane 21 and the second dielectric slab 23. 
[0091] To form a vacuum layer, gas between the 
ground plane 21 and the second dielectric slab 23 is ex- 
hausted. 

[0092] Forming an air layer, another gas layer, or a 
vacuum layer as a dielectric layer can prevent formation 
of another layer between the ground plane 21 and the 
second dielectric slab 23. An antenna having character- 
istics closer to design values can be implemented. 
[0093] In the dielectric leaky-wave antenna 20 de- 
scribed above, the metallic strips 24 having a length 
equal to the width of the second dielectric slab 23 are 



arranged as perturbations perpendicularly to the elec- 
tromagnetic wave propagation direction of the transmis- 
sion guide. 

[0094] Instead, if metallic strips 34 having an angle of 
5 45° with respect to the electromagnetic wave propaga- 
tion direction of the transmission guide are laid out in a 
matrix at a predetermined interval, as shown in FIG. 6, 
electromagnetic waves of 45° inclined polarization can 
be easily radiated. 
10 [0095] That is, if the length of each metallic strip 34 is 
selected to constitute a dipole so as to resonate, an RF 
current flows in the direction of length. 
[0096] Forthis reason, electromagnetic waves having 
an angle of 45° with respect to the electromagnetic wave 
is propagation direction of the transmission guide, i.e., 
electromagnetic waves of 45° inclined linear polariza- 
tion leak. 

[0097] An antenna for radiating electromagnetic 
waves of 45° inclined linear polarization is inevitable as 
20 the antenna of a radar mounted on an automobile. 
[0098] When a front automobile is searched by a ra- 
dar device to control the traveling, radar waves from an 
automobile traveling on an opposite lane act as interfer- 
ence waves. 

25 [0099] Even in this case, if the above-mentioned 45° 
inclined polarization antenna is used, electromagnetic 
waves from the oncoming automobile are perpendicular 
to the polarization direction of the antenna of the self 
automobile to eliminate any interference. 

30 [0100] Note that when the metallic strips 34 having an 
angle of 45° are arranged on the upper surface of the 
second dielectric slab 23, metallic strips 35 equal in 
length and width are parallel-arranged on the lower sur- 
face with a shift of 8 = X g/4 in the transmission direction. 

35 Similar to the above arrangement, this arrangement can 
suppress generation of reflected waves in the transmis- 
sion guide. 

[0101] Alternatively, as shown in FIG. 7, pairs of me- 
tallic strips 34a and 34b laid out to form an angle of 90° 
40 may be arranged at the interval d in the electromagnetic 
wave transmission direction of the transmission guide 
and a predetermined interval in the direction of width of 
the transmission guide such that each pair of metallic 
strips 34a and 34b have an angle of 45° in the electro- 
ns magnetic wave transmission direction of the transmis- 
sion guide. 

[01 02] In this case, electromagnetic waves of horizon- 
tal polarization or circular polarization can be easily ra- 
diated depending on an interval P between a pair of me- 

50 tallic strips 34a and 34b. 

[01 03] For example, when a pair of metallic strips 34a 
and 34b are arranged at an interval of P = X g/2, RF 
currents la and lb in the directions of lengths of the me- 
tallic strips 34a and 34b flow symmetrically, as shown in 

55 FIGS. 8A and 8B. 

[01 04] In this case, the horizontal components (up-to- 
down components in FIGS. 8A and 8B) la(h) and lb(h) 
of the RF currents la and lb are in phase with each other 
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and added, whereas vertical components la(v) and lb 
(v) are in opposite phases and cancel each other As a 
result, electromagnetic waves of horizontal polarization 
are radiated. 

[0105] Although not shown, when a pair of metallic 
strips 34a and 34b are arranged at an interval of P = X 
g/4, the directions of currents flowing through a pair of 
metallic strips 34a and 34b are spatially perpendicular 
to each other, and the phase difference is 90°. Electro- 
magnetic waves of circular polarization whose polariza- 
tion plane rotates are radiated. 
[0106] When the pairs of metallic strips 34a and 34b 
are arranged on the upper surface of the second dielec- 
tric slab 23, pairs of metallic strips 35a and 35b equal in 
length and width are arranged on the lower surface with 
a shift of 5 = X g/4 in the transmission direction. Similar 
to the above arrangement, this arrangement can sup- 
press generation of reflected waves in the transmission 
guide. 

[0107] This embodiment uses the metallic strips 24, 
25, 34, and 35 as perturbations, but can also use slots 
instead of these strips. 

[0108] For example, if slots 37 are formed in metallic 
frame plates 36 at an angel of 45°, as shown in FIG. 9, 
in place of the metallic strips 34 and 35, electromagnetic 
waves of 45° inclined linear polarization can be radiated. 
[0109] Note that when the slots 37 are formed in the 
upper surface of the second dielectric slab 23, identical 
slots 39 are formed in the lower surface with a shift of 5 
= X g/4 in the transmission direction. Similar to the above 
arrangement, this arrangement can suppress genera- 
tion of reflected waves (reference numeral 38 denote 
metallic frame plates). 

[0110] Although not shown, if slots are used instead 
of the metallic strips 24 and 25, electromagnetic waves 
of vertical linear polarization can be radiated. 
[0111] If slots are used instead of a pair of metallic 
strips 34a and 34b and a pair of metallic strips 35a and 
35b, electromagnetic waves of horizontal linear polari- 
zation or circular polarization can be radiated. 
[0112] In the above description, one of a pair of per- 
turbations formed from metallic strips or slots is formed 
on or in one surface of the second dielectric slab 23, and 
the other is formed on or in the opposite surface of the 
second dielectric slab 23. Alternatively, a pair of pertur- 
bations may be formed on the upper surface of the sec- 
ond dielectric slab 23. 

[0113] For example, as shown in FIG. 10, metallic 
strips 24 and 25 which have the same length as the 
width of the dielectric slab 23, are perpendicular to the 
electromagnetic wave transmission direction of the 
transmission guide, and are parallel-arranged at an in- 
terval 8 almost 1/4 the guide wavelength X g are laid out 
as pairs of perturbations at a predetermined interval d 
in the electromagnetic wave transmission direction of 
the transmission guide. 

[0114] Alternatively, as shown in FIG. 11, metallic 
strips 34 and 35 which form an angle of 45° with respect 



to the electromagnetic wave transmission direction of 
the transmission guide and are parallel-arranged at an 
interval almost 1/4 the guide wavelength are laid out as 
pairs of perturbations at a predetermined interval d in 
5 the electromagnetic wave transmission direction of the 
transmission guide. 

[0115] Alternatively, asshown in FIG. 12, slots37and 
39 (reference numeral 38 denote metallic frame plates) 
which form an angle of 45° with respect to the electro- 

10 magnetic wave transmission direction of the transmis- 
sion guide and are parallel-arranged at an interval al- 
most 1/4 the guide wavelength are laid out as pairs of 
perturbations at a predetermined interval d in the elec- 
tromagnetic wave transmission direction of the trans- 

15 mission guide. 

[0116] With these arrangements, a component of an 
electromagnetic wave reflected by one of metallic strips 
or slots serving as a pair of perturbations, and a com- 
ponent of an electromagnetic wave reflected by the oth- 

20 er can be canceled to prevent disturbance of the elec- 
trical field in the transmission guide caused by reflected 
waves. 

[0117] In addition, the first dielectric slab (dielectric 
layer) 22 can tightly contact the second dielectric slab 

25 23 to obtain characteristics very close to design ones. 
[0118] When pairs of perturbations are formed on the 
surface of the second dielectric slab 23 in this manner, 
the length, width, or interval d of each perturbation is set 
to give desired characteristics to a synthesized wave of 

30 an electromagnetic wave leaking from one of the per- 
turbations and an electromagnetic wave leaking from 
the other. 

[0119] In the dielectric leaky-wave antenna 20, the 
wave-front conversion section 26 is constituted by a di- 
35 electric lens formed by extending one end of the second 
dielectric slab 23. 

[01 20] Instead of this, a parabolic reflector type wave- 
front conversion section 46 may be adopted, like a die- 
lectric leaky-wave antenna 40 shown in FIGS. 13 to 15 

40 as another embodiment. 

[0121] The wave-front conversion section 46 has a re- 
flecting wall 46a for reflecting cylindrical waves and con- 
verting them into plane waves, and a guide 46b for guid- 
ing the reflected plane waves to one end of a second 

45 dielectric slab 23'. 

[0122] The wave-front conversion section 46 is at- 
tached such that the upper half of the reflecting wall 46a 
faces one end of the second dielectric slab 23', and the 
lower half covers the aperture plane of a horn 30b of an 

so electromagnetic horn type feed 30 attached to the lower 
surface of a ground plane 21 . 
[0123] Cylindrical waves radiated by the feed 30 are 
reflected by the reflecting wall 46a of the wave-front con- 
version section 46, and converted into plane waves, 

55 which are input in phase to the transmission guide of the 
second dielectric slab 23'. 

[0124] In the dielectric leaky-wave antenna 40, the 
feed 30 is arranged on the back surface to reflect elec- 
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tromagnetic waves, so that the entire antenna length 
can be shortened. 

[0125J The dielectric leaky-wave antenna 40 does not 
require any dielectric lens, so that one end of the second 
dielectric slab 23' can be linearly shaped (outer shape 
can be formed into a rectangular). 
[0126] Along with this, a matching section 27 is also 
linearly formed, which further facilitates processing of 
the slab. 

[0127] Also in the dielectric leaky-wave antenna 40, 
a first dielectric slab 22 may be formed from an air layer 
32 (or another gas layer) using spacers 31 , as shown in 
FIG. 5. 

[0128] As for a pair of perturbations, not only metallic 
strips 24 and 25, but also metallic strips 34 and 35, pairs 
of metallic strips 34a, 34b, 35a, and 35b, or slots 37 and 
39 can be adopted. 

[0129] In the dielectric leaky-wave antenna 20 or 40 
described above, the matching section 27 is tapered to 
decrease the height of the surface side toward the elec- 
tromagnetic wave input side. 
[0130] Alternatively, the matching section 27 may be 
tapered to increase the height of a surface on the ground 
plane 21 side toward the electromagnetic wave input 
side, like a matching section 27' shown in FIG. 16. 
[0131] By forming the tapered portion so as to in- 
crease the height from the ground plane side, the match- 
ing state becomes better, and the transmission loss de- 
creases. 

[0132] For example, the matching section 27' is used 
as a result of analyzing the transmission loss when the 
height of the aperture portion from the ground plane 21 
at the horn 30b of the feed 30 and the guide 46b of the 
wave-front conversion section 46 is 1 .8 mm, the thick- 
ness of an alumina second dielectric slab 23 or 23' is 
0.64 mm, the tapering length is 8.6 mm, and the thick- 
ness of the tapered distal end is 0.2 mm. 
[0133] In this case, it is confirmed that the transmis- 
sion loss is smaller by almost 0.8 dB within the frequen- 
cy range of 60 to 90 GHz, and the variation width is much 
smaller than in the use of the matching section 27. 
[0134] When the matching section 27 or 27' is used, 
the distal end of the dielectric slab must be tapered. 
[0135] However, when the slab may break or crack 
owing to tapering, a matching dielectric having a permit- 
tivity different from that of the second dielectric slab 23 
or 23' may be attached to the distal end instead of ta- 
pering, thereby attaining matching. 
[01 36] For example, as shown in FIGS. 1 7A and 1 7B, 
a matching dielectric 41 having a relative permittivity E1 
and a width L1 is attached to the distal end of the second 
dielectric slab 23' to attain matching. 
[0137] In this case, the length L of the matching die- 
lectric 41 is set equal to 1/4 the guide wavelength X g. 
At the same time, letting Er be the relative permittivity 
of the second dielectric slab 23' (or second dielectric 
slab 23), and E0 be the relative permittivity (1 for air in 
general) in the guide 46b of the wave-front conversion 



section 46 (or in the horn 30b of the feed 30), the relative 
permittivity E1 is desirably set to establish 

5 E1=(Er.Eo) 1/2 

[0138] In the dielectric leaky-wave antenna 20 or 40 
of the embodiment, the matching section 27 or 27' is 
arranged at one end of the dielectric slab 23 or 23'. 
10 [0139] Alternatively, the matching section can be ar- 
ranged on the wave-front conversion section 46 or feed 
30 side for supplying electromagnetic waves to one end 
of the dielectric slab 23 or 23'. 
[0140] For example, as shown in FIG. 1 8, a matching 
15 section 46c projecting by a length h toward the ground 
plane 21 so as to decrease the gap between the match- 
ing section 46c and the upper surface of the dielectric 
slab 23' stepwise toward the dielectric slab is formed 
continuously in the direction of width at a predetermined 
20 depth e inside the aperture of the guide 46b of the wave- 
front conversion section 46 which is open to surround 
the edge of one end of the dielectric slab 23'. 
[0141] In this case, the projecting length h and depth 
e of the matching section 46c are set such that, letting 
25 Z1 be the impedance in the guide 46b and Z2 be the 
impedance of the transmission guide of the dielectric 
slab 23', an impedance Z of a transmission guide formed 
between the matching section 46c and the ground plane 
21 satisfies 

30 

Z=(Z1-Z2) 1/2 

[01 42] Since the matching section 46c is arranged in- 

35 side the aperture of the guide 46b, matching between 
the wave-front conversion section 46 and the transmis- 
sion guide of the dielectric slab 23' can be attained with- 
out tapering the dielectric slab or using a dielectric hav- 
ing a different permittivity, as described above. 

40 [0143] In FIG. 18, the position of the distal end of the 
matching section 46c coincides with that of the edge of 
one end of the dielectric slab 23'. Alternatively, as shown 
in FIG. 19, the matching section 46c may be arranged 
to overlap one end of the dielectric slab 23'. 

45 [0144] This matching method can also be used for 
matching between the horn 30b of the feed 30 and the 
wave-front conversion section 26 formed by extending 
one end of the dielectric slab 23. 
[0145] In this case, a matching section projecting to- 

50 ward the ground plane 21 so as to decrease the gap 
between the feed 30 and the surface of the wave-front 
conversion section 26 stepwise is formed continuously 
in the direction of width at a predetermined depth inside 
the aperture of the horn 30b which is open to surround 

55 the edge of one end of the dielectric slab 23. 

[0146] Since the distal end of the wave-front conver- 
sion section 26 is curved, as described above, the 
matching section is also curved in conformity with the 
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edge of the distal end of the wave-front conversion sec- 
tion 26. 

[0147] T ne matching section 46c projects toward the 
ground plane 21 so as to decrease the gap between the 
matching section 46c and the upper surface of the die- 
lectric slab 23' stepwise. 

[0148] Alternatively, as shown in FIG. 20, a matching 
section 46c' may project toward the ground plane 21 so 
as to decrease the gap between the matching section 
46c' and the surface of the dielectric slab 23' stepwise. 
[0149] This matching method can also be used for 
matching between the horn 30b of the feed 30 and the 
wave-front conversion section 26 formed by extending 
one end of the dielectric slab 23 as described above, 
[0150] In the dielectric leaky-wave antenna 20 or 40, 
the radiation direction (direction of a main beam) is one 
direction. 

[0151] However, the dielectric leaky-wave antenna 20 
or 40 can be used as a multibeam antenna by changing 
the wave-front conversion section 26 or 46 and the feed 
30. 

[0152] For example, when the dielectric leaky-wave 
antenna 20 is arranged as a multibeam antenna, a dual 
focus type wave-front conversion section 26' (dielectric 
lens) is adopted, and a feed 30' is constituted by a plu- 
rality of, e.g., five waveguide type radiators 51 (1) to 51 
(5) and a cover 52, like a dielectric leaky-wave antenna 
20' shown in FIG. 21. 

[0153] Radiation centers C1 to C5 of the radiators are 
located on or near the focal plane of the wave-front con- 
version section 26'. 

[0154] In the dielectric leaky-wave antenna 20' having 
this arrangement, as shown in FIG. 22, e.g., a cylindrical 
wave Wa3 radiated by the central radiator 51 (3) is con- 
verted into a plane wave Wb3 perpendicular to a line L3 
(in this case, a straight line parallel to the transmission 
guide of the second dielectric slab 23) passing from the 
radiation center C3 through the center of the wave-front 
conversion section 26'. 

[01 55] Similarly to the above-described arrangement, 
electromagnetic waves are input in phase to the trans- 
mission guide of the second dielectric slab 23 to radiate 
beams along a plane which is perpendicular to the slab 
surface and includes the propagation direction of the 
transmission guide. 

[0156] For example, a cylindrical wave Wal radiated 
by the radiator 51 (1 ) at the upper end is converted into 
a plane wave Wbl perpendicular to a line L1 passing 
from the radiation center C1 through the center of the 
wave-front conversion section 26', and the plane wave 
Wbl is input to the transmission guide of the second di- 
electric slab 23. 

[0157] As a result, electromagnetic waves are input 
to the transmission guide of the second dielectric slab 
23 with a larger phase delay as the electromagnetic 
waves are separated farther from the upper side toward 
the lower side in FIG. 22. Along with this, the phases of 
leaking electromagnetic waves delay more greatly as 



the electromagnetic waves are separated farther from 
the upper side toward the lower side (in FIG. 22), Thus, 
the beam direction is inclined to the phase delay direc- 
tion (lower side in FIG. 22). 

5 [01 58] To the contrary, a cylindrical wave Wa5 radiat- 
ed by the radiator 51(5) at the lower end is converted 
into a plane wave Wb5 perpendicular to a line L5 pass- 
ing from the radiation center C5 through the center of 
the wave-front conversion section 26', and the plane 

10 wave Wb5 is input to the transmission guide of the sec- 
ond dielectric slab 23. 

[0159] Then, electromagnetic waves are input to the 
transmission guide of the second dielectric slab 23 with 
a larger phase delay as the electromagnetic waves are 

15 separated farther from the lower side toward the upper 
side in FIG. 22. Along with this, the phases of leaking 
electromagnetic waves delay more greatly as the elec- 
tromagnetic waves are separated farther from the lower 
side toward the upper side (in FIG. 22). Consequently, 

20 the beam direction is inclined to the phase delay direc- 
tion (upper side in FIG. 22). 

[0160] In this fashion, the beam direction changes de- 
pending on the radiators 51(1) to 51(5). If electromag- 
netic waves are selectively supplied to the radiators 51 

25 (1 ) to 51 (5), electromagnetic waves can be radiated in 
a direction corresponding to the position of each radia- 
tor, and the beam direction can be switched. 
[0161] This multibeam arrangement can also be ap- 
plied to the dielectric leaky-wave antenna 40. 

30 [0162] In this case, like a dielectric leaky-wave anten- 
na 40' in FIG. 23, the reflecting wall 46a of the wave- 
front conversion section 46 is formed into a parabolic 
shape, and the radiation centers C1 to C5 of a plurality 
of radiators 51 (1 ) to 51 (5) of the feed 30' are located on 

35 or near the focal plane. 

[0163] In the dielectric leaky-wave antenna 20' or 40', 
the tapered matching section 27 is formed at the distal 
end of the wave-front conversion section 26' or the distal 
end of the dielectric slab 23'. 

40 [0164] However, the matching section 27' or the 
matching dielectric 41 having a different permittivity may 
be used in place of the matching section 27. 
[0165] As for the dielectric leaky-wave antenna 20', a 
matching section identical to the matching section 46c 

45 arranged in the aperture of the guide 46b may be formed 
to project from the inside of the aperture of the cover 52 
toward the ground plane 21 . 
[0166] As a pair of perturbations, not only the metallic 
strips 24 and 25, but also the metallic strips 34 and 35, 

50 the slots 37 and 39, a pair of metallic strips 34a and 34b, 
or a pair of slots (not shown) can be employed. 
[0167] In this multibeam antenna, electromagnetic 
waves must be selectively supplied to the radiators 51 
(1) to 51 (5). 

55 [0168] FIGS. 24 and 25 show examples of a feed cir- 
cuit. 

[0169] In the feed circuit shown in FIG. 24, a switching 
circuit 54 selectively inputs an IF signal output from an 
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IF circuit 53 to any one of a plurality of RF circuits (in- 
cluding frequency conversion circuits) 51 (1 ) to 51 (5) ar- 
ranged in correspondence with the respective radiators 
51(1) to 51(5). 

[0170J In the feed circuit shown in FIG. 25, an RF cir- 
cuit 55 converts an IF signal output from the IF circuit 
53 into an RF signal, and a switching circuit 56 selec- 
tively inputs the RF signal to any one of the radiators 51 
(1) to 51(5). 

[0171] In terms of the performance and mounting, the 
feed circuit in FIG. 24 for switching an IF signal is more 
advantageous. 

[0172] In terms of the circuit scale, the feed circuit in 
FIG. 25 which requires only one RF circuit is more ad- 
vantageous. 

[0173] Either of the circuits to be used is determined 
in accordance with the intended use. 
[0174] Although not shown, each radiator 51 is cou- 
pled to the RF circuit 55 or switching circuit 56 via a cou- 
pling slot, coupling probe, or the like. 
[0175] As described above, in (1) a dielectric leaky- 
wave antenna of the present invention which comprises 
a ground plane, a dielectric slab arranged on one sur- 
face of the ground plane to form a transmission guide 
for transmitting electromagnetic waves along the sur- 
face from one end to the other end between the dielec- 
tric slab and the ground plane, a perturbation loaded on 
the dielectric slab to leak the electromagnetic waves 
from the surface of the dielectric slab, and a feed for 
supplying the electromagnetic waves to one end of the 
transmission guide formed by the ground plane and the 
dielectric slab, a dielectric layer having a lower permit- 
tivity than that of the second dielectric slab is interposed 
between the ground plane and the dielectric slab. 
[0176] According to the dielectric leaky-wave antenna 

(1) of the present invention, the current loss of the 
ground plane can be greatly decreased. A milliwave an- 
tenna having a very high radiation efficiency with a sim- 
ple arrangement can be implemented. 

[0177] According to a dielectric leaky-wave antenna 

(2) of the present invention, the dielectric layer includes 
a gas layer including air or a vacuum layer in the dielec- 
tric leaky-wave antenna (1 ). Only the dielectric layer can 
be interposed between the ground plane and the dielec- 
tric slab, and characteristics closer to design values can 
be obtained. 

[0178] According to a dielectric leaky-wave antenna 

(3) of the present invention, the perturbation is formed 
from a metallic strip or slot perpendicular to the electro- 
magnetic wave transmission direction of the transmis- 
sion guide in the dielectric leaky-wave antenna (1 ). Elec- 
tromagnetic waves of linear polarization can be easily 
radiated. 

[0179] According to a dielectric leaky-wave antenna 

(4) of the present invention, the perturbation is formed 
from a metallic strip or slot having an angle of 45° with 
respect to the electromagnetic wave transmission direc- 
tion of the transmission guide in the dielectric leaky- 



wave antenna (1). Electromagnetic waves of 45° in- 
clined linear polarization can be easily radiated. 
[0180] According to a dielectric leaky-wave antenna 
(5) of the present invention, in the dielectric leaky-wave 

5 antenna (1), the perturbation is formed from a pair of 
metallic strips or pair of slots which form an angle of 90° 
with each other, and is loaded on the dielectric slab so 
as to form an angle of 45° with respect to the electro- 
magnetic wave transmission direction of the transmis- 

10 sion guide by each metallic strip of the pair of metallic 
strips or each slot of the pair of slots. 
[01 81 ] According to the dielectric leaky-wave antenna 

(5) of the present invention, electromagnetic waves of 
linear polarization or circular polarization can be easily 

15 radiated by selecting the interval between a pair of me- 
tallic strips or slots. 

[0182] According to a dielectric leaky-wave antenna 

(6) of the present invention, a pair of perturbations par- 
allel-arranged at an interval almost 1/4 the wavelength 

20 of the electromagnetic wave in the transmission guide 
in the electromagnetic wave transmission direction of 
the transmission guide are loaded at a predetermined 
interval in the electromagnetic wave transmission direc- 
tion of the transmission guide in the dielectric leaky- 

25 wave antenna (1). 

[0183] According to the dielectric leaky-wave antenna 

(6) of the present invention, waves reflected by the per- 
turbation in the transmission guide can be canceled, and 
disturbance of characteristics by the reflection can be 

30 prevented. 

[0184] According to a dielectric leaky-wave antenna 

(7) of the present invention, one of the pair of perturba- 
tions is formed on one surface of the dielectric slab, and 
the other is formed on the opposite surface of the die- 

35 lectric slab in the dielectric leaky-wave antenna (6). With 
this structure, warpage of the dielectric slab can be pre- 
vented, and generation of breaks and cracks of the slab 
by the warpage can be prevented 
[0185] According to a dielectric leaky-wave antenna 

40 (8) of the present invention, the pair of perturbations are 
formed on an upper surface of the dielectric slab in the 
dielectric leaky-wave antenna (6). The dielectric layer 
can tightly contact the dielectric slab, and characteristics 
closer to design ones can be obtained. 

45 [0186] According to a dielectric leaky-wave antenna 
(9) of the present invention, in the dielectric leaky-wave 
antenna (1), the feed is formed to radiate cylindrical 
waves, and a wave-front conversion section for convert- 
ing the cylindrical waves radiated by the feed into plane 

so waves and guiding the plane waves to the transmission 
guide is arranged at one end of the dielectric slab. 
[01 87] According to the dielectric leaky-wave antenna 

(9) of the present invention, electromagnetic waves in 
phase can be supplied to the transmission guide formed 

55 by the dielectric slab. 

[0188] According to a dielectric leaky-wave antenna 

(1 0) of the present invention, the wave-front conversion 
section is formed by extending the dielectric slab toward 
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the feed in the dielectric leaky-wave antenna (9). The 
arrangement is simple, wave-front-converted electro- 
magnetic waves can be directly guided to the transmis- 
sion guide, and the efficiency is high. 
[0189] According to a dielectric leaky-wave antenna 5 

(11) of the present invention, a matching section for 
matching the feed and the wave-front conversion sec- 
tion and guiding the electromagnetic waves supplied by 
the feed to the wave-front conversion section is ar- 
ranged at the distal end of the wave-front conversion 
section in the dielectric leaky-wave antenna (1). Elec- 
tromagnetic waves from the feed can be efficiently guid- 
ed to the wave-front conversion section. 
[0190] According to a dielectric leaky-wave antenna 

(12) of thepresent invention, inthe dielectric leaky-wave 
antenna (1 0), the feed is formed to transmit electromag- 
netic waves input from one end to one end of the die- 
lectric slab along the ground plane and to radiate the 
electromagnetic waves from an aperture at the other 
end that is formed to surround an edge of the one end 
of the dielectric slab, and a matching section projecting 
toward the ground plane so as to decrease a gap be- 
tween the feed and a surface of the wave-front conver- 
sion section stepwise or continuously toward the wave- 
front conversion section in order to match the feed and 
the wave-front conversion section is arranged in the ap- 
erture at the other end of the feed. 
[01 91 ] According to the dielectric leaky-wave antenna 

(12) of the present invention, the feed and wave-front 
conversion section can be easily matched without taper- 
ing the dielectric or using a dielectric having a different 
permittivity. 

[0192] According to a dielectric leaky-wave antenna 

(1 3) of the present invention, inthe dielectric leaky-wave 
antenna (9), the wave-front conversion section has a re- 
flecting wall for converting cylindrical waves into plane 
waves and reflecting the plane waves, and is arranged 
to make one half of the reflecting wal! face one end of 
the dielectric slab, and the feed is arranged on a side 
opposite to the dielectric slab via the ground plane while 
the radiation surface faces the other half of the reflecting 
wall of the wave-front conversion section so as to radiate 
electromagnetic waves toward the other half. The entire 
antenna length can be shortened. 
[0193] According to a dielectric leaky-wave antenna 

(14) of the present invention, a matching section for 
matching the wave-front conversion section and the 
transmission guide of the dielectric slab is arranged at 
one end of the dielectric slab in the dielectric leaky-wave 
antenna (13). Electromagnetic waves can be efficiently 
guided from the wave-front conversion section to the di- 
electric slab. 

[0194] According to a dielectric leaky-wave antenna 

(15) of the present invention, the matching section is ta- 
pered to decrease the thickness toward the electromag- 
netic wave input side in the dielectric leaky-wave anten- 
na (1 1 ). Electromagnetic waves can be efficiently guided 
with a simple arrangement. 



[0195] According to a dielectric leaky-wave antenna 

(1 6) of the present invention, the matching section is ta- 
pered to decrease the thickness toward the electromag- 
netic wave input side in the dielectric leaky-wave anten- 
na (14). Electromagnetic waves can be efficiently guid- 
ed with a simple arrangement. 

[0196] According to a dielectric leaky-wave antenna 

(17) of the present invention, the matching section is 
formed from a dielectric having a permittivity different 
from that of the dielectric slab in the dielectric leaky- 
wave antenna (1 1 ). The dielectric slab can be prevented 
from breaking and cracking. 

[0197] According to a dielectric leaky-wave antenna 

(18) of the present invention, the matching section is 
formed from a dielectric having a permittivity different 
from that of the dielectric slab in the dielectric leaky- 
wave antenna (1 4). The dielectric slab can be prevented 
from breaking and cracking. 

[0198] According to a dielectric leaky-wave antenna 

(1 9) of thepresent invention, in the dielectric leaky-wave 
antenna (13), the wave-front conversion section is 
formed to transmit electromagnetic waves reflected by 
the reflecting wall to one end of the dielectric slab along 
the ground plane and to radiate the electromagnetic 
waves from an aperture at the other end that is formed 
to surround the edge of the one end of the dielectric slab, 
and a matching section projecting toward the ground 
plane so as to decrease the gap between the feed and 
the surface of the dielectric slab stepwise or continuous- 
ly toward the dielectric slab in order to match the wave- 
front conversion section and the transmission guide of 
the dielectric slab is arranged in the aperture at the other 
end of the wave-front conversion section. 

[01 99] According to the dielectric leaky-wave antenna 

(1 9) of the present invention, the wave-front conversion 
section and the transmission guide of the dielectric slab 
can be easily matched without tapering the dielectric or 
using a dielectric having a different permittivity. 
[0200] According to a dielectric leaky-wave antenna 

(20) of the present invention, in the dielectric leaky-wave 
antenna (9), the feed has a plurality of radiators having 
different radiation center positions, and the wave-front 
conversion section converts cylindrical waves radiated 
by each radiator into plane waves whose wave front is 
inclined at an angle corresponding to the radiation cent- 
er position of the each radiator, and supplies the plane 
waves to the transmission guide. 

[0201] As has been described in detail above, the 
present invention can provide a dielectric leaky-wave 
antenna for leaking electromagnetic waves from an 
electromagnetic wave transmission guide formed by a 
ground plane and dielectric, in which the structure is 
simplified and a technique of increasing the antenna ef- 
ficiency is adopted to meet the conventional demand. 
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Claims 

1 . A dielectric leaky-wave antenna comprising: 

a ground plane (21); a dielectric slab (23) arranged 
on one surface of said ground plane (21 ) to form a 
transmission guide for transmitting an electromag- 
netic wave along a surface from one end to the other 
end between said dielectric slab (23) and said 
ground plane (21); a perturbation (24) loaded on 
said dielectric slab (23) to leak the electromagnetic 
wave from the surface of said dielectric slab (23); 
and a feed (30) for supplying the electromagnetic 
wave to one end of the transmission guide formed 
by said ground plane (21) and said dielectric stab 
(23), 

characterized in that said dielectric leaky- 
wave antenna further comprises a dielectric layer 

(22) which is interposed between said ground plane 
(21) and said dielectric slab (23) and has a lower 
permittivity than a permittivity of said dielectric slab 

(23) . 

2. An antenna according to claim 1 , characterized in 
that said dielectric layer (22) includes a gas layer 
including air or a vacuum layer. 

3. An antenna according to claim 1 or 2, character- 
ized in that said perturbation (24) is formed from a 
metallic strip or slot perpendicular to an electromag- 
netic wave transmission direction of the transmis- 
sion guide. 

4. An antenna according to claim 1 or 2, character- 
ized in that said perturbation (24) is formed from a 
metallic strip (24) or slot (37) having an angle of 45° 
with respect to an electromagnetic wave transmis- 
sion direction of the transmission guide, 

5. An antenna according to claim 1 or 2, character- 
ized in that said perturbation (24) is formed from a 
pair of metallic strips (34, 35) or pair of slots (37, 
39) which form an angle of 90° with each other, and 
is loaded on said dielectric slab (23) so as to form 
an angle of 45° with respect to an electromagnetic 
wave transmission direction of the transmission 
guide by each metallic strip of said pair of metallic 
strips or each slot of said pair of slots. 

6. An antenna according to claim 1 or 2, character- 
ized in that a pair of perturbations (24, 25) parallel- 
arranged at an interval substantially 1/4 a wave- 
length of the electromagnetic wave in the transmis- 
sion guide in the electromagnetic wave transmis- 
sion direction of the transmission guide are loaded 
at a predetermined interval in the electromagnetic 
wave transmission direction of the transmission 
guide. 



7. An antenna according to claim 6, characterized In 
that one of said pair of perturbations (24, 25) is 
formed on one surface of said dielectric slab (23), 
and the other is formed on an opposite surface of 

5 said dielectric slab (23). 

8. An antenna according to claim 6, characterized in 
that said pair of perturbations (34a, 34b) are formed 
on an upper surface of said dielectric slab (23). 

10 

9. An antenna according to any of claims 1 to 8, 
characterized In that 

said feed (30) is formed to radiate a cylindrical 

15 wave, and 

a wave-front conversion section (26) for con- 
verting the cylindrical wave radiated by said 
feed (30) into a plane wave and guiding the 
plane wave to the transmission guide is ar- 

20 ranged at one end of said dielectric slab (23). 

10. An antenna according to any of claims 1 to 9, char- 
acterized in that said wave-front conversion sec- 
tion (26) is formed by extending said dielectric slab 

25 (23) toward said feed (30). 

11. An antenna according to claim 10, characterized 
in that a matching section (27) for matching said 
feed (30) and said wave-front conversion section 

30 (26) and guiding the electromagnetic wave supplied 
by said feed (30) to said wave-front conversion sec- 
tion (26) is arranged at a distal end of said wave- 
front conversion section (26). 

35 12. An antenna according to any of claims 1 to 10, 
characterized in that 

said feed (30) is formed to transmit an electro- 
magnetic wave input from one end to one end 
40 of said dielectric slab (23) along said ground 

plane (21) and to radiate the electromagnetic 
wave from an aperture at the other end that is 
formed to surround an edge of the one end of 
said dielectric slab (23), and 
45 a matching section (27) projecting toward said 

ground plane (21 ) so as to decrease a gap be- 
tween said feed (30) and a surface of said 
wave-front conversion section (26) stepwise or 
continuously toward said wave-front conver- 
se sion section (26) in order to match said feed 
(30) and said wave-front conversion section 
(26) is arranged in the aperture at the other end 
of said feed (30). 

55 13. An antenna according to any of claims 1 to 9, 
characterized in that 

said wave-front conversion section (26) has a 
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reflecting wall for converting a cylindrical wave 
into a plane wave and reflecting the plane 
wave, and is arranged to make one half of the 
reflecting wall face one end of said dielectric 
slab (23), and 5 
said feed (30) is arranged on a side opposite to 
said dielectric slab (23) via said ground plane 
(21 ) while a radiation surface faces the other 
half of the reflecting wall of said wave-front con- 
version section (26) so as to radiate an electro- 10 
magnetic wave toward the other half. 

14. An antenna according to claim 13, characterized 
in that a matching section (27) for matching said 
wave-front conversion section (26) and the trans- « 
mission guide of said dielectric slab (23) is arranged 

at one end of said dielectric slab (23). 

15. An antenna according to claim 11 or 14, 
characterized In that said matching section (27) is 20 
tapered to decrease a thickness toward an electro- 
magnetic wave input side. 

16. An antenna according to claim 11 or 14, 
characterized In that said matching section (27) is 25 
formed from a dielectric having a permittivity differ- 
ent from a permittivity of said dielectric slab (23). 

17. An antenna according to claim 13, 
characterized in that 30 

said wave-front conversion section (26) is 
formed to transmit an electromagnetic wave re- 
flected by the reflecting wall to one end of said 
dielectric slab (23) along said ground plane (21) 35 
and to radiate the electromagnetic wave from 
an aperture at the other end that is formed to 
surround an edge of the one end of said dielec- 
tric slab (23), and 

a matching section (27) projecting toward said 40 
ground plane (21) so as to decrease a gap be- 
tween said feed (30) and a surface of said die- 
lectric slab (23) stepwise or continuously to- 
ward said dielectric slab (23) in order to match 
said wave-front conversion section (26) and the *s 
transmission guide of said dielectric slab (23) 
is arranged in the aperture at the other end of 
said wave-front conversion section (26). 

18. An antenna according to any of claims 1 to 9, so 
characterized in that 

said feed (30) has a plurality of radiators having 
different radiation center positions, and 
said wave-front conversion section (26) con- 55 
verts a cylindrical wave radiated by each radi- 
ator into a plane wave whose wave front is in- 
clined at an angle corresponding to the radia- 



tion center position of said each radiator, and 
supplies the plane wave to the transmission 
guide. 



15 



EP 1 130 680 A2 




EP 1 130 680 A2 



FIG.3A 









> 







FIG.3B 




(=Ag/4) 



6 

(=Ag/4) 



(dB) 



FIELD 
INTENSITY 
OF LINE 



FIG.4 




LENGTH ALONG LINE (mm) 



23b 24 




FIG. 5 



31 21 



17 



EP 1 130 680 A2 




<5v L£tp 



TTT 




23 



III I 

35a j | j35b j35a 35b 35a 35b 35a 35b 

343 3ib 34a 34b 343 34b 343 34b 

35a 35b 35a 35b 35a 35b 35a 35b 

343 34b 343 34b 343 34b 343 34b 

35a 35b 35a 35b 35a 35b 35a 35b 

343 34b 343 34b 343 34b 343 34b 

35a 35b 35a 35b 35a 35b 35a 35b 

343 34b 343 34b 343 34b 343 34b 



18 



EP 1 130 680 A2 



1a(v) 1b(v) 
-1 > < I 



FIG.8A 



1a(h)~ 



A 



~1b(h) 



la \ / 



FIG.8B 




FIG. 9 




19 



EP1 130 680 A2 



FIG. 10 



<5=Ag/4 



|| 24 25 

1 1 -- i i 



24 25 



24 25 



24 ' i 25 




24 25 ( ; 24 25 ( »' 



27- 
26. 



FIG. 11 



<5=Ag/4.. d 
it 




+ 




23 



35 i 35 
34 ! f 34 35 34 35 




34 35 34 35 34 35 34 35 

v 




34 35 34 35 34 35 34 35 





34 35 34 35 34 35 34 35 




20 



EP 1 130 680 A2 




21 



EP 1 130 680 A2 





22 (32) 



FIG. 15 



FIG. 16 



30b(46b) 
4 




22(23") 

-4y 



, V 

27' 21 



22 



EP1 130 680 A2 



FIG. 17A 



41 



FIG.17B > 



24 




24 




23' 
-f- 



^ U U U U L 

41 

24 2 


4 

N v 23' 


■ 1 



T 

21 



25 



25 



22 (32) 



46b 



46c 



-_- ) 



FIG. 18 



21 



>i e l< 



-.yjzr f 



7 i i 



46c 



23 
—4 



FIG. 19 



-r 

21 



t 



46b 



4^^ 



FIG. 20 



-r 

21 



51(1), 




CI - 




51(2)'. 




C2 " 




51(3)- 




C3 - 




51(4)-, 


' — X 


C4- 




51(5), 


I x 


C5 • 





FIG. 22 




A-INb1 



23 



EP1 130 680 A2 




30' 52 



FIG.21 



24 2£ 



25 



24 




U-li — U 



25 



21 




23 



46b' 



FIG. 23 




24 



EP 1 130 680 A2 





54~ 






53 

) 






> 


IF 

CIRCUIT 





SWITCHING 
CIRCUIT 


>■ 








> 


FIG. 24 




> 



RF 

CIRCUIT 



RF 

CIRCUIT 



•55(1) 

> 

55(2) 

> 



RF 

CIRCUIT 



^55(3) 

> 



RF 

CIRCUIT 



55(4) 

> 

55(5) 



RF 

CIRCUIT 



53 



IF 

CIRCUIT 



56 



55 



RF 

CIRCUIT 



FIG. 25 



SWITCHING 
CIRCUIT 



25 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

t 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



